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(54) ORGANIC SILICATE POLYMER AND LOW DIELECTRIC INSULATING MEMBRANE 

(57) Abstract: 

PURPOSE: A low dielectric organic silicate polymer, its preparation method, a composition for an 
insulating membrane, its preparation method, an insulating membrane prepared by the method 
and a semiconductor device employing the insulating membrane are provided, to improve the 
heat stability, the mechanical properties, the dielectric characteristics and the membrane forming 
property. 

CONSTITUTION: The organic silicate polymer is a hydrolysis condensate of at least one kind of 
organic silane oligomer represented by the formula 1, and at least one kind of silane compound 
represented by the formula 2, wherein R1 is H, an aryl group, vinyl group, an allyl group, or an 
unsubstituted or F-substituted linear or branched alkyl group of C1-C4; R2 is -(CH2)aSiR3pR4(3- 
p)(wherein R3 is H, an aryl group, vinyl group, an allyl group, or an unsubstituted or F-substituted 
linear or branched alkyl group of C1-C4; R4 is CI, acetoxy, hydroxy group or an unsubstituted or 
F-substituted linear or branched alkoxy group of C1-C4; p is an integer of 0-2; and a is an integer 
of 1-6); n and m are an integer of 0-10; R5 is H, an aryl group, vinyl group, an allyl group, or an 




unsubstituted or F-substituted linear or branched alkyl group of C1-C4; R6 is CI, acetoxy, hydroxy 
group or an unsubstituted or F-substituted linear or branched alkoxy group of C1-C4; and q is an 
integer of 0-3. 

COPYRIGHT KIPO 2003 



Legal Status 

Date of final disposal of an application (20040130) 

Patent registration number (1004190690000) 

Date of registration (20040204) 

Number of opposition against the grant of a patent ( ) 

Date of opposition against the grant of a patent (00000000) 

Number of trial against decision to refuse ( ) 

Date of requesting trial against decision to refuse ( ) 

Date of extinction of right ( ) 



^ L 7fl^-g^ #2002-0097415 

(19) ^^^^^(KR) 
(12) ^7fl^-*)^(A) 

(51) . Int. CI. 7 (11) ^fl^iL #2002-0097415 

C08G 77/02 U3)?7mz\ 2002^12^31$} 



(21) -fr^^ 10-2001-0035341 

(22) #^<a^> 2001¥l06 J M21<a 



(71) #€^1 ^^^^€^1^ 

^-§-#1^ <^S^ ^S].£* 20 

(72) 1^74 ^31 <3 

^A] ^^^-4cfl2*^ oV^B103*407±. 

cfl X\ ftq ^-H^-^-LGA>^o>4S 5*3043: 

A^mrfAl^^A)^^-Al^oV3|-S48*207^ 

cfl 3 # ^ *1 >H ^^2 o >4H 1 0 4-g- 1 30 63: 

^« 

*1 -fr^t ^1 ^^5Hl-g-^-g-o>s)-E2S.3 06 5 : 
^<!§^- 

fll ^#"3 ^ -fi-^ -T 1 ^ 1 0 1 *9043: 

cfl^^-^Al-fi-Aj^7j-^7 < }- Z i^o>^.E3 11 ^.204JL 
A l ^-^3*1036- 19 i 

(74) cfle1<Jl 3*(|<?V 



(54) -fM^3*MH n! 0 ]« ^-S}^ 



<m°-3. ^Hl ^ej-^ol *£«Ks. 71^)^ -8-3 #^°1 -f^r^ *i-8-3 -fM^Tflols ^ 

^flofl ?J O.S., a) 1 # sV7] Sj-SHJ 1SIa]E]^ -fr 7] ^.<£ ,g-e}aH; ^ b) 1 # s>7] S^H 23. 

3Wfc*\ 7^-g-sfl ^^-#<il -B-7l^£)?flole f^sfl, «J ol £] ^ilS^^ °1» °l-§-*)-te «>£^1 

^•a^ ^.g- « °i» 3-8-3- ^<a«f, « ^^n* an?«-th 



- 1 - 



^^-711^-*) -^-2002-0097415 



A o v 7l 3*«H1 12] ^<H|>H, R'^'ri, «>li, £^ 1t4iS. *!3l SEtt ft- 

4^ 1 ifl*l 42] "^^olJl, R 2 ^•(CH^R'/h ©1 jl, n, g m-& AA 0 tfl*l 102] R 2 2] R 3 ^ 

SE^ SMM" fti-S. A$ £r ft4i^ 1 vfl^l 42] iHJolal, R < fc. <gi, 

oHIS-a], S>o1c^.a] ELtt *1$-S]*1 fiS *l$ft A$ Stt &A^21 <&ii^ 1 ^1 42] <k v ^^l P.tt 

0 ifl*l 22] ^°)5L, 3tt 1 tfl^q 62] ^^o]t^, 



2] 

R 5 qR 6 4-qSi 



SJ-*J~*1 22] R 5 tt t^4i, ©>%; Bl^, tt*. £tt #7|v+ fiS SlftS 2}^ SEtt ^lifl^ ft 

4^ 1 Lflxl 42] ^Zjo]^, R 6 * OMI^-^I, Sl-ol = S.Al, £Ett 3]4fl £tt 1 xfl*l 42] 2>ia. A | o] 

ol, q*T 0 vfl*l 32] ^°lft. 

-& ^-^2] -S^l^EHHe f^-Sflfe- o|f ^^BVofl aj-g-S>>3 2<H*1t3 ^tI^o] ^^-Jl, S^-2] 5<3^, 5^2] 

7] 71H #^Cl 3.^ ^S>ft. 

'il] °lo] 

-8-71 -a el* ©is -S-71 ^.bj. 1-b]jid1, afr^S-, 7K-g-*fl, *1 -8-#, fti^il dfc*h ^St^ 

t^o] -^sj-fe 7l# g n ^-o>2] ^-2fl7l# 

^ -iM-S^aMS f^*flo]| % -=-€ri <aaj O.5. ^Ajofl 'Si^al, 7l?fla| °. 

# ^Hr^ ^-ft-^ -R-7l-ge]?flolH ^Ml. 5 ol si ^lla« 0 >^2l- o]« ol^-sVfe ftJE^I i*V3 ^<as|- ^^-g- 2: 

S &)» ^-8-* ^^^v, ^ ^2] afl^ti-SH 3°)ft. 



^t3 ft£*H i*}2] ^2}£7l- ^S^*! i^f lfl^-» aj^^ £A12] Ai-S-o] ^-^§]-7fl #<H«-^ 9l°-v\, 20.03\l^oil 
tt 0.1 jtan2] SIS. ^1 ^-^ ol-g-fl jl'gHSl JiA?} 7l|tl ^^-S «fl^€4. ^ft^ «V£^fl i^2l S^l 

iE]2l i^l^l ^£2] Al"i^( signal) 21 ^£^1 Hl^5>ja, Al-1^21 «ll^#^2l #?J" 

2] ^-g-^21 §M SAlsJfe RC *]<3( delay )<H1 2I5V0I ^^ftcf. «VE*11 dt^S] ^3]£7} feoW? dt^tfl-?-* t3 

^sVtt ^^1?>21 S-o] foMj-, -^7lfe 7>^ol^4 ^aHI ^ol^ 71^^^ O.3. f7}S}a], s'SJE ^^"21 

^21^,1 #S.liCf^ JT^.i ^^"21, RC ^It!^ 2lsH «^€ft. ft^i J1^2l ^1)^7} A^°} A£r £ 

3121- -fr^-i-oi v^-fr ^.t1#^* ^V-§-^H°> ttft. ^ -fi-^ #^2] avs^i ^21 ^£ #7} oi-qel-, 
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^# =r SlaL, 9"^ «ll^d TJr^l 7_M1 (cross-talk) «*1*1 ^ o}fe o|3°l flel-. 



frtf* iL?l <&£*ll ^Ml#-g- #*ltr «> Sicf. ^-S^l ^-S-# aj-g-Sb ^£^1 i^ffe i^fl 7fl^ Dials 

°r*l *l*l1f-°l #*1=M 5d*l ^^"Efl°l^. 

f^sl IC, LSI *y^*]} #?i ^.<a aUjl^ -8-3^7} 4.0°] SiO 2 7} cfl-f £-oH, xi-a-# #^51 #S^ol 

£^ -^E]?lHE( F _ Si o 2 )7> <a-¥- i*Hl ^-§-5131 sacf. ^em-F-Si0 2 Sl ^-f «-%=ol 6 % ol^-'g 3 

*$MJ« ^-Bfl7> SH o] JMfr -fr^-SHr* 3.5 olsVs *^7l <Hel£ &*b$o] oicf. ^eo| ojBlt!- 

^113-8: *WV7l *)«H ^°1 «JMi«- ojB| -fi-71 $ -¥-71 JZ-S-7V1-01 ^AlElJl fli}. 



-^71 JX£-7}±r #5L?1* ^sl-7-iq- 1^ «"fr«r*l #21 °HJ= ^*1, #El o}^^) ollEfla =^ 

*1, *g 5^tSS aW€v3. « ^ ^-o. ^ =ol <£s)^ ojcf. ois. 0.7I jl£-*>-&£ cfl^ o.#^ 7 > 3.0 °l*M*ln>. 
<H<£* O.S -R-Bl #ol -&517}- ^oflA-lSl ^l-ol ^*1 ^o^xlal Al^V 7fl^7> pfl^ fe-g- &$%o) 014 

£E«r fl-s-tb -8-71 ji£-7Rr oieltb #^s.oi d^- ^s>€4. S>£«H ^IS ^-^ $ mi ?1 ^8 *3 2 

00 Ml*l 450 *C3l *3E^1 -g-ej-z}- ZLZ\S.S. o]a} Qo] ^ -?>^*r ^tf* ^ fe-£r -54 fl* Tfl^r 

» 7 r *lfe -B-71 Jl£-*Rr rfc^ £^ Mfl^i^-Sl *l3l^* 7-l^Al^ ^7> Sanf. 



-8-71 jl£x\s>\ o>^aj 5.43. sfl^^>7l fl*H #-€(sol-gel) °l-g-*V -8-7l^^7flole 

^e<Hl ^^#°lcf. °1 ^-fr -8-71 7>^&*11 ! ^^"^-g- * **>°1 -8-71 ^el711ol S 

^■i- *§^SRr •i 1 -^ 0 ! 1 ^. 'S-'S-e-S. ^1^5]^ ^± 5^ Dill ^Afli ^1^-8: 3.0 o]z>}2] ^ ^# £ 

jl 450 r^l^i <a^.2.5. °J^5W. nam- Aj-7i -^-7l^El?)lois jig-A}^ ^s* ^ofl t^*fe -8-eM D fl^- 

sm. 



^71 # Efl 71^21 ^^1^^: 31^^, dlAVSl JT^S}-^ #^^= 7}^S}^, «fl^l^ Aj- 

-g- l^£l ^oi ojj^Ka, 7^1^ ^ $ -8-^1 ^el^Ml #^fil- zi^ ^fls^, 

^ ol «-8-*>fe H&n. ^ 3ZS1 ^ S « 0 vig^- ^)l^-s>^ 5Jolcf. 

-g- ^3-71 s-ai^- ^«>7i °is W , -8-71 ^el?ll^lE #^1H sl<H^, 

a) 1 ^ ol-S-sl s>7l 3J-S1-A1 1 S. SAlsl^ -B-71 *3ljlol; ^ 

b) 1 # ol-^sl s>7l 2S S^tt Sf-^-i- 

21 7>^«fl ^#<y -8- 71^ El 711 °1B Xl^fttl-: 
[Sr^ 1] 
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R , n L S j 0 J m ^ n 

R 1 ^ ti, SE*=r *1«-£]*1 fiS 5E4r &^lifl^ ti^r 1 M]*l 42] "JHHjI. 

R 2 - 43Hj^ft H o]sl, 

n, ^ m£- ^ 0 tfl^q 105] ^olJl, 

-8-71 R 2 2] R 3 tt "^^ JE^r *1«-5]*1 ^u). fii 2]ifl SE^t &*1 dflAj-S] 1 ifl^l 43] 

R 4 ^ sHEf^l S^r *1*£]*1 1-^5. 21^ ^liil^ Hj-^ i 42] 

pr- 0 tfl*l 22] ^^o]31, 3tt 1 tfl^l 62] ^^o)cf. 
[3^*H 2] 

R^qR%-qSi 

-y-7i 3j-*hh 22] ^hh, 

R 5 ^r °>m, Ul-d, £1- ^l^^l &7]q- tii ^ ifl S1*T ^1^4 V 2] 1 vfl^] 4 2] 2H1°U, 

R 6 -£r n±, »MI¥I, ^jifl £tt ^lifl^2] Eti^ 1 M]*l 42] ^Alol^l, 

q^0« 32] ^olt}.. 

a) -8-71 -g-nfl ofl 

i ) l * «1^2] -8-71 is. XAls]^ -B-71 -§-e]Ji^; H 

ii) 1 * °1^2l ^-71 sHl-A] 22. 3.*}S)t= ^.flr 

#31 



7fls.^ S-2002-0097415 

<g-«3* #5-n Sl^i, 

a) i ) 1 ^- fl-flj-^ IS -R-71 *slJlol; ^ 
ii) 1 ^ o]^-s] s^*\ 23. 

b) +71 +DJ 

c) +7] £-7h -fr7l#^H, +71 <a^e|ni, s-^o) B.^ ^e|?>, °fl<H5.1s *1SL5L«, ^ T^l^S-^^ls ^ilS. 

a) i ) -i) 1 # ^l^J-Sl sf7l 3*«H1 IS. £A]S]^ ^-7) ^ &S\jL*\; ^ 
'-) 1 * °1 A ^ s>7l 23. g_A]s\l= Sj-^-i- 

3 7^-g-sfl W§-<?1 +71^21 n\o]^ f^l; « 

ii) +7) +Dfl 

» ifl^fc ^ + + OJ i+ ^sRr #7)1: 

b) -8-7] a)<& 7)121 +Q«+ «K51*tl J^l-Sl 7l7flofl ^<9ej-g- 
7) ^-711; 

c) A <M bm*|<**1 ^^M- ^ 4i^sKr #31; « 

d) €-S- A l A <M € < a^ v + ^e1*Rr #7)1 

^+ +71 ^e1?flolE f^^is. is +71 +elJi^, ^ 3J-«H] 2S a^ls)^ 

h]+s aflisife- 7>^-&si) ^# ^ oisi 7i]s«o^, »it- ^-+*Vfe ^ + ^1- ^ oi a^j-i- 

+7l^e1?11olE ^<gn^-o)l 7l7fl^ °1 +^T^. £^ ^^J. ^ *M °1 + 
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^sMl^ 5 m*l 60 f^%°|tf. 

#7l -fM^eMHB ^*]]-& ^l^^-oll $X°]^, #71 25- S7l^ #<HlAi q7V 2 £tt 3°1 ^S-a- 

^ °1^1"§-% V 34-°)!^ ^£Ol 7 }.^.g. ^ Ojx} 



-8-71 S^Al 1 ^ S)-^ 22} S|-^#-fr a^"5>^ -g-°fl2l *HM #^ # D ll«- ^7>3>J1 7>^^-Sfl ^ ^r^- 

<£-§~g- Al^Ai Oj^^V §-^^Sl -R-71 ^el?llolS jn-g-T^ ^TflSlJl, OlS.^-E-1 ^=3^1- ^^-g- ^12:*!:^. Aj- 7 1 

a*-«M i ^ 22) s}-^"§-2l A}-g-;g-g. ^-g-^-E] 4: 7^ 

€-*fl ^ 1 ^ 2 Si 3|-^-#-g- A}-g-^ ^ oJp§^= 7^ 4^ «>-g-Al^ 



^ SE^r ^"S^" ^^-g- 2:^#°fl A>-g-^ -g-ofl^, o^l# s.^ n -5fl3\ i-^<fh n-^-tl:, i-^-t>, 2,2,4-S 

ehih^, ai#s. ^ii^#5- ^-a- f-^i *i«j-^ &n -§- n ii; iwi. i-^-a, H-ac s^iii twi, 

»M, nflS °T|! tfWl 1-21 « 0 >*^ e}.^ ^^Tjl -g-cfl; nll^<a-l-, <>ll^£#, n _xr jg.^ j-njg^-g-. n-Jf^-fr, j-Jf 
fV*, sec-^-i-, t-^-€-*, ^1*5. «]a>^-, ufl^Afol^s. «]AHt-, ^eHl* -§-21 lha-g-Tfl -g-nfl; efl Hel-sH = 
S*, 2-°im EmeHi-olH.^ ?r&, <Hll^lEfls, n-H.5.^°flEfl3, oliSS.^<Hl 3| = , ^^aJ_ cHM ^1^, 

^1^ ^2-^^)1 ^1^1 = , <^m?l#el« tqnlll<HlEfls, <Hlii3}#el*tH<iHlEila > iS^^^el5a.^nil^oll Efl s, 

H^^l^ell- Cl^lll ^EllS. -§-2] oflEfls^] -g-nfl; ^ ofl ^}^] o}^, v\] igo}M] Efl ol E , ofl ^ o}*\] E fl ol e _ ofl eJ-Efl s ? 

€#el«-E.^^)€°11^1soH|Ellom, HS.^^#el#S.^D)mo)HlaoH)EfloiE j oll^?)^ell-cloH]Efl 0 lB -S-21 

nMc, N.N-CloH^oHlEoJ-ol-ol c §-2) 6>t.]-OlS.^ _g. n) | ^ol olcf. 



7f^&«ll ^ ^^-g-°)l A>-g-^ W>^- ^ S.^ ^TlsM -fr7l^^7llolE ^7«-^ i<i] J&TT CfAl 

°1 -a-7l^5}?llolH sL&z\m ^ ^^-§- -B-71 -g-ofl^l -fer<*l a>^-s>t1M-, 7>^^-«fl * ^a}-g-*ll Af-g-^ -^-71 -g-Dfl 
^ i2^°ll M-tt ^*-lr ^ ^ -g-°fl« "a^^ ^]7l*V ^^1^ ev^A^^ ^ ^ *£ 7 ] °- 7 l -g-*|]s.-2- i 

2 * °lAj- ^^-sfc^ A}-g-sfe ^o] 71-^^cl-. 



-g- t^ollAl^ 7}^- ^-Sfl ^Al7l7] 21SM #Dlll- A>-g-s>^ ^Jol H>^-3]sl-Cf. 7}^^ ^W&W 

Sl^ & #°fl, ^7l #t>fl, ^^eflolE^-^ ^Ol 7^1-4. oj)S. S.^, ^#Dfl^ ^AV, ^AV, Sj-AV, CQA]., ± 

«-A>, ^^^^-AV, l-^-Ofl^^Aj-, o}^)|EA> i ^AJ-^, I^Ah teflAV, ^o^AV, ^<gA_V, SSSl-grAV ^-o| 7>^5>ol, <* 

7l#nflfe "a-a.^^ ^av S ).u1.e§ j ^a]-^.^, He]^^^'?!, Se]oiifjo>Di, cHEj-g-oi-n!, E^on^oi- 

e|-Ai ^o) 7>^si-cf. ^^5llolJi °i-¥-nl^-, ElE}-, *isia-H-, ^ai_ e . E j. #> ^ei-El^ -^21 ##^5. «i 

^1 -B-7l^# 5^^#^ fk ^ Aj-71 ^V, <g7l U ^-^f^eflolE 5}-^-#-g- 2^ Af-g-^ ^ olt^. £*t 

2 ^ ^^ll^^H. AV-g-Sffe 7l-^5>Cl-. 



°lS^tb # D fl2l %7}t$£r A>-g-S * ^S^-^-l- 1 -I" 0 ! Cflsl-^ 0.0001 ^^1 1 I"* AV^-§>^1, ^^-31^711^ 0.5 # °1 
*V» Af^-^-Cl-. A D )lol oj:ol ^e+Sl-^-1- 1 f-^l-a olAj.^ aV^- ^£7> nfl-f t4 &7>^ S^ol o^^j!, ^ 

Tfl ^Ol ^x§^^^7} sat}. 
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^$$^2] 1 l-^ 0.1 ^H^l 20 -§-<>l ^W>JL, Hf^a)5l-7|3Lfe 1 ^*1 10 -§-°l ^^cf. #s} # 

<cHr3 <3^r3 IS ^7>7f 7^51-^. o)afl ^nfl^ ^7] -§-Dfl ^ofl n] ^ ^ 7 >sfl <&°]5. #J1, ^ $7H -g-sfl 

€-^-a]7|jz 0^5= ^cf. olnfl «!-§- ^£^=- 0 ifl^l 100 °C u J-§-A)?|jl, 15 tfl^ go r<>)H ^-§-^71^- 3°1 
n}^t}^. ojufl <^<H^^ 7Hr-g-sfl ^#<i] $5 S-^-fr 500 ifl^l 1,000,00001 ja, «>#3]^>7)lfe 100 

0 1,000,000 ©lcf. 



^ofl^ <2<Hxm ^"S^ ^7) -B-7l§-7>, ^-7l#2H, ifflHaM-a- 

33= ^^JE #cf. ^-fHlTr ffl^. 200 vfl*l 450 °C°lH <t-g-*ll7l- 7Hf*l -§-^.5., 

^el^ sHs^. °l"-S-f>^ ofltflH -§-7.)-, 1iElS **7l -g-*h "a-SMHeHs. 

§-7>, ?>jLm*>l= S^7l 0>3^ ^^71 £-Ah -4 0 l-2- 01131= #^7l §-7V, 6>oliAl©>lflole ^^71 g-7>, ©H 

i ^FrflHH S^7l £-7}, 41 ^71 ^ ^S-Aj-Ol^ ^.-7) «-7-> §.0.3. ^€ 4M **|- 5E*r jl**> ^-o] 

flSl -B-71 SE*r -8-71 Ji£-7Rr -8-71 ^e^H^Sl- «V-g-^ ^ Slfe ^£ «^7l« ^ £^=r 

£-a)-HH ^--B-sHs ^cf. -fMi-eM, ^ssl^fe -fM<a«q?lMe ^ ^ oj-tgAj £4»"fl $7>*M ^V-8-*> 



«9<H*1t=- a^#°flfe ^ #3 ^7Ms. #3.01 = Aj-^^ ^el?>, i^st, *]Sls.^, 7il^#Aj 

-g- ^^Sl S^l-^ ^ JL^^S] 2 m^l 60 Hi- ^"31 §1-71]^ 5 vfl^l 40 f^%7> ^<3^ BV ^7)1S1- t|L*i 

°J-^^-8r Jl^sM <^7H1A^ J7^ ^51^ A o V 7l -8-71-g-^el Aj-g-^ofl 21*1-0} 2^01 7>^*>C1-. 

ttfai ^^-g- s^S-^- ?« 0 1=1, Si0 2 ?|°ls|, SiN ?flcl3l, sl-^-i- hv^^I -i-^i 7)*\\o\] sjl^sm) 

^<a^* ^<a^2l ^A^j w 0 1-^ o. ^jxl^, 1- 2E^, iaeilo^ ^-1- A>-g-^- ^ o.^, ois.^ 

S^^-Sl ^iSl- ^^51 21*1 ^£f »i5l-Al^ S^.^- ^ 91^, lE■■#^SLg. h>£^1 ^1 Si cf^s)S. 
#?i A>-g-s>^ ^-^-ofl 5a<HA-1^ 0.5 ifl^l 2 /an ol ^tsW. 



^°llfe ^ ( ^^.)^^- 7]^ 3aHJ ^isl -B-^AJej^olB ai^> ^<a5|* q-UTZ ^ Sicf. 

^^.5. ?i2:-8r£Sl- i-^-gri^ z^zl" 30 Ml ^1 300 300 tfl^] 600 0 C°1H ^^l^Vfe ^°)^-, 4*1 di^-gr£-b 350 

iflxl 500 r<HlAi ^Ai§v^ 301 a^ajsl-cf. iAj^ £7 V 600 r °l^-°] ^^lfe -R-7l^e|?lloiE ji«-7.>sl 

40I t<HAlJl, ll^ofl 300 TC olsl-^ -fi-Bl^Bl?)l 0 lH alS-Al-^ ^^J-ol ^-^^1 <£o]^7] o^ o} nVo^ 

7} 7-l^Jl, ^ r ^7lSl ^7flS. ^°1 ^«>* 7f^Ajol olcf. 



22:^21. i^^-Aj-g. ^^o^ oj^*v *-&Al ^ 01 ji £ *}-, ^^^o_S ^Al^- ^ o^cf. 

AS ^Al^- 7J * i^j ^-A^ 1 ^ iflAl 5 Al?_l -S-oV ^^SV^ ?Jol ^^Cf. 7><S« 0 1"^^ ^eflolE, 

SL^r, Al-g-Sl-ir ^<^1 71-^-sl-Jl, 7>^§-^7lfe o}3-£, S-fr 7\ ?H ^1 , ^ 

71^1(^11- l-'S ^-7] ^71 ^-8: ^>4l*^7l, Xl^Aj-Efl £t=t ^^0} ^ ^» ^-fr*>fe 7l ^ &Sf\7] 

*\ 4^*9^ 7V^S^. Aj-71 7><1« 0 V^^ 5L-T- 7}^^^ ^Al*l-^£ ^Jl, Zl-Zl- 
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3*1 3 H o V ^-g: <k V ^^l ^HlH^eHh tttiaSS^, ^U^l^, <&<K<*l«?-*Ui^r ^-o. ^ 

o^s] Aj^g). ^el -& ^13* S&^r -g-nHl ^^t!- ^^31- S}-^-*^ £^ i# ^^^717^-, 

51-^-1-31 ^71 -g-^7HH AjAls}^ ^O] 7}^}J1, ^6] ^, ^i^5]-i- 100 400 TC°11 7><S5>^ ^ o) H}^ 



-f^tr>7l nfl-g-<Hl, LSI, a]^ LSI, DRAM, SDRAM, RDRAM, D-RDRAM «KE*fl H"?^, ^£ 

5L5L AV^-5>7lofl ^cf. 

^-§-§-7]^ wl^ J=^o)|s.Al 43 12.5 g, ^ #ufl 50 ^« ^Jl -g^l^ 15 ^ ^7] 

^-§-^1^1 ^, 3]SeHl>fi A]#sLAj^ 5 0 ^s. wjj, 50 °C3] 2li SHIA-I 10 AjTi «>^-a1^t4. ol^ 

*-§-#^r «MM ^Tltb 3 NMR i^H^* ^ &*§£\9X£"Sr ^sl-^cf. 

-g-7lcfl AJ-71 ^# 2.67 m2, "llliHsHl^Al aj^. 13 8 ^ ^ ^Bel-srclS.^-^ 30 zldfc: -g-^7l *} 

# 5.9 me, ^ 5.0 MS) *}°]5L3_ #S?1aV 1.0 m?* ^7>S>^A^ m&a.] o\%%- 30 ^VAj-g-ofl a-} «1 

-S-^m ^, 60 °C^M ^^1^1 -i-elai 7><t^ff-Al^Ai wv Afl (overnight) ^-g-^im^f. 

^l^Ai ^ol^l 300 mg* dH^oI^".^ ^^.ofl i-^ ^-ojiol 1.5 go] s]£S. s^c|-. <g^^l -g-on o. ^ 

^a1<^1 2 

(•6-7iAj^?iioiE ^a-i-si ^IS) 

^■^^1 ?l2:Al?i «VO-^-7loll BBl^^-Al Aj^. 14 6 g> fe^Ejt #°fl 50 ^J! ^^r'H]^ 15 ^- ^ 

^, E)lSe)-°fl€ ^It^t 5.0 m«» ^ZL 50 "C^l ^± &$)7] sHl^ 10 a]?! ^-oj. HV^-Al^cf. u-o> oi^ 
^-l-l-ar ^ SH1^1 ^7)tl ^ NMR ^2=^-8: f-«fl ^-§-°l ^3$}-§~ar ^^sV^cf. 

^ -g-7l°1] a 0 v 7 i ^§ 2.67 m«. EflBet°lHl^-Al Aj g. 2 .5 ml, °)}Sr*) ^ 11 ml, ^ Efl e ^o] c s = ^. 

30 me* ^Ji ^^$^71 sHlA-1 # 5.9 me, « 5.0 MS] 5>olc S #s.^a]. 1-0 ^^g] ^7>s>^Ai M^]^. 
<>1#* 30 §-?V ^-8:0)1 Ai hV-S-aI^I ^, 60 °C^H a^a-]*1 ^-elji 7><t^ r ^l^^ (overnight) ^-g-^l^cf. 
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«>-§- ^ oflEflS -g- nils. 5W1-JI fS. pH7> f^go] 5) nfl^l ^^^ojcf. o^;*] -fr?!^ -g-nfl» ^-SL-g-oM 

15 me Si tflS2l.5|.olc £ a^ .g.nflofl nfl^Esi^s.Al ^.bJ- 7.5 m£2}- 4.05 ^ o. 4s ^ bH a 1 

°l«-§: 30 ^-8r°lH ^-§-^1^1 Jji, Asf 60 °C?M 7><a^Al^Ai «H1 (overnight) ^-§-^3*4. 

si TflTHsHA-i ^Eiia) ^g-g; oa^. 

*3 ) 

#71 i, 2, ^ HlJU^l 1<H1^ ^12:^1 -FM^sHHe j7-g.*}s} ^>^=(^^=^5 £-*>i£; Mw)-g- € 

Szmfl^CGPC; Gel Permeation Chromatography) ig-g- *H*1 >$ifl g.*}.^ &-g- £3^. 

i£*V z^ZfSl Hi-nv<i) 7l?ll^ #^ o. 2 x 2 Si $11 °1 s| ( wafer HI i*! N2 5=?i *>°fl 430 °C°fl*| 1 *1 

£*t ZfZfSl MIM(metal/insulator/semiconductor) 4i*r» Si $Msf| $H ^1^"S>j1 HP+}2] LC 

R nlE]# ol-g-*H 1 Mhz*lM 

#71 -an s>7i a i°ii uj-EHfl&cK 



[3. 1] 





-a*n i 


2 


1 


**MKMw) 


22000 


8860 


10100 




2.51 


2.56 


2.68 


H^£(crak velocity) 


2.8e" 12 


3.4e" 12 


8.3e" 9 



#7l IH^I t^r SIt:*], £■ sl§H ^issl^ -fi-7l^^?iloiE ^.g^i-s. ej-ste ^l^tb 3* «H0«1 -fc 



£ *^si -fh7l>ael?ilolB ^^fe ^^Hl ^-g-s><a ^<H^lfe ^ -f^Ka, £^ 5°J^, -R-^i* 

^uj-o] 7171H S-^ol SL^ -?-^5>cf. 
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(57) <gfl 
1. 

b) 1 ^ ol^fil sV7l 25. a^lslfe Sj-U-i- 

[SJ-*M 1] 

Ri n LsioJ m ^ 2nv „ 

#7] 12] ^HW, 

R 1 -fir ri, al'd, ^4 t^S £tt fJ-Jn^ 1 ifl*] 421 ^^oIji, 

n, ^ m^r ^ 0 ifl^l 102] ^^o)j7, 

#71 R 2 ^ R 3 ^- ^i, o^l, H]vi, ^ g=$=. Al«-sq*| fiil 3]dfl H^r S^l^S] eV^ 1 m*) 42] 

R^-gi, oMUM, sM^-iH Sl¥: *1«-£]*1 SMM- fis 2]4fl *^ldfl#s1 ftdt^ l 42] <£-§?• 

p¥r 0 22] Jg^olJl, a^r 1 i-fl^l 6^ ^°H, 

[fl-^ 2] 

R 5 qR 6 4-qSi 

#7l 22] ^oflA-], 

R 5 ^ tfU £^ *1«-£]*1 fiS 21 i)| g=$=. §-^li|)#^ ! q^j 40} o^^oIjt, 

R 6 -£- "Si, cc^ ajifl £4=r £-*13l^-2] 1 421 

q^r 0 32] ^^olcf. 
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2. 

^n 1 * 3. 

#7l f^*fl2] ^ Jj?$ ^H^l 500 xfl^l 1,000,000°] 
4. 

a) ^-71-g-nflofl 

i ) 1 # oltfal S>7l 3j-«]-^ IS 3*1 3 fe- -8-71 *el:a«1; 
ii) 1 * s>7l 3}-«H=l 2£ -a 

b) ^71 £WH #°fl, ^ 7>^-aI 7>^g-Sfl g ^^-g-g- A^lfe 
#31 

[s*-*M l] 



R 1 £ °>«, *«, 3=*r *1*£|*1 fiS ajifl Hi^ g-^lifl^-sl <&4i^r 1 ^*1 42] <y-^ 0 ] J1> 



n, ^ zj-zj- o vfl*l 1021 ^^r^Jl, 

#7l RM R 3 ^ ^ri, oVl, Wl'd, <&H 2.^ *l«-£l*l ^t]- f±S ^E¥r $ &±<r 1 Hl*l 42] 



R 4 *=r <$±, °H1^H, S}o]cs. Al a - sl«-S|^l e>7-iq- Z]ifl ££i- -g-^lifl^-21 &±^r 1 ifl*l 42] <Qsl 




R 2- 
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0 ifl*l 22] ?8<^o]jl, a¥r 1 ifl^l 65] ^^H. 
W«W 2] 

R 5 qR 6 4-qSi 

#71 2 Si 

R 5 tt T^i, «1^, iHfi, Stt *l«r£]*l S-71M- -lis *l«-€ 331 £-*13)#Sl €4i*r l vfl^l 451 °J:tt 0 U, 

R 6 ^ °M]-^1, £^ &*13l#5l 1 42] <?H?.a] o^, 

q^r 0 Ml*l 3^1 

^T 1 * 5. 

A 4 #°fl Sl°H. 

#71 a)^lSl ^tH-g- 1S1 -fM -{J. £ ^-sl^Sl «-B-^°l 5 90 -^-7l^Bl5flolE f^lSl *)1 

Ut** 6. 

*)1 4 #°fl 5I<H^, 

#71 b^TflS} ^7} ^^"Slfe # S^g- 1 #°fl c^o} 0.0001 Hl*l 1 #°1 71-Sflxl^ -a-7l^2l?11olB 

51 ^iHi. 

^T 1 * 7. 

*)1 4 #«fl Si<H^, 

#71 b^l^l #<>1 ^#«-slfe * ^.ft 3^*3 ^el^- l #oll tfl*M 0.1 Ml*l 20 #°1 7Hfl*lfe %-7)^B\?]} 
°ls ^tMlsl *)l^«o v> £. 

«VJE*)1 ^-g- ^#^1 9l°l*\, 

a) i ) i * <>l#sl s>7l s^sH! lsL a^s)^ -fM ^.^ i-elJuH; ^ 
ii ) 1 # °l#5l Sf7l 31-SH4 25. S^lSl^ 31-^-1- 

51 7H-&S11 ^#<y -B-7l^El?flolE ^^); 

b) -^71 -8-ofl 

* i«-SRr 3^-8- 
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l] 




#7] is] *HH, 

R 1 -& ^i, o>^, u]^, H~ *1«£J*1 fiS ajsj 2^ £r*l3l^Sl 1 42] ^oIji, 



n, ^ m^r AA 0 ifl^l 102] ^^ol jL t 

■#7] R 2 2] R 3 *t o}f|, £ir f±S Zjifl ZL¥r 1 ifl*l 42] 



r*¥t<s±, *>}o}^*] sl^ **i^2i i 421 

p^r 0 ifl*l 221 $^o)5L, a^r 1 ifl*l 62] %>^<>W, 
W*W 2] 



^7} JfrflH 22\ ^HH, 

R 5 tt ti, <>}-*, £E^r #415. *1€"« 331 SL^r &*13)^2] e}-^ 1 xfl^ 4 S] S* 0 ^. 

R 6 o. « if oHl^-Al, s}o1csa|, ^ifl SE^r g-^lifl^-S] 'Sri^r 1 431 <y^l oIji, 
0 321 ^olcf. 
9. 

*)1 8 *J-°11 sa*H, 

A oM 2^-§-°l 

c) -8-713-*]-, -JMSaH. -B-7M = e1H, #s.ols.^^^?>, ^£f, *1-SL5.», 31<S«-^lS <>l-?-<H*! S.2.3.-*- 
10. 

^11 8 *J 3fl 9 *J-°fl 



R 2 - JBW#ff H 



o]SL, 



R 5 qR 6 4-qSi 
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A o v 7l 2^#-gr i^^r 2 vfl^l 60 f^%°] 3^* 2^#. 

11. 

a) i ) 1) i ^ o)^s\ i}7] 3iWq 1 JUL &*)s)±r -fh7) -i-a^Ji^; * 
'01* s]-7l 23. £A]s]^ ^ 3|-^-§- 

o] 7K-g-*fl -jf7]^?)]°lJ= f^-Sfl; ^ 

ii) -B-71 -g-nfl 

« i^SRr ^<gn| 3^-§- -g-^-g- *ll^-*Hr 

b) -tf7l a)^^ «l£^l ±X}2) ^Tflofl £l5}oj ^el-fr 
7)rr #7fl; «2 

c) ^-7] b)#7HH ^^q-g- AS, ^ ^*Hr ^Til ' • 

1] 

Ri„L-SiO-l m R2 2rvn 

R 1 -cr ri, tttt, S^=t STl^tiS 331 £*13HJ-Sl ^dt^ 1 ifl^ 4 S} <£Qo]5L, 

R«*tWm oIji, 

n, ^ m-8r 0 vfl^l 1031 ^*r°l-il, 

-8-71 R 2 3] R 3 ^ ^±., ^THM- fiS 331 £^ -§-33)^1 El^^ 1 ifl*l 4S] 

R 4 ^ <£^, Sl¥- *1«-S]3 fiS. Sl^g aisj] ^lifl^S] E}-i-r 1 4<*1 

p^r 0 22] ^ojji, a ^ ! Lfl^l 6S1 3t°M, 
2] 
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#71 Sl-4h^ 22} oil ^ , .. . . ^ 

R 5 ^r±, o}%, H]^, <^^, ^Tluf ^ifl £tt £-*lifl#2] fbfc^ 1 ufl^] 4°) <gZ3o]ji t 

R 6 £- ^i, °M1^H, 5^ E^r ^l^fl#^ H-i^ 1 iflx) 421 'iHa-Ajojji, 

q^r 0 ifl*l 3S1 3*r°l=K 
12. 

#7] b)^S] 30 tfl*l 300 °C2) ^rS^H ^AlS] JL, ±^£r 300 xfl*l 600 "C^ -gri^^ ^A]^ Q^S] 



^T 2 -^ 13. 



*H 1 1 * 7l^fl2l ^ 6.S ^>2] *J<3<2}-. 



^*<J- 14. 



11 * 7l*H3 ^ OlS. ^asife- i^Kr ^£^1 ±.*\. 
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